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ASTR101 
Unit 9 Assessment 

Answer Key 
 
1. Prior to 1998, it was assumed that the rate of expansion of space was slowing due to 
the attractive force of gravity.  However, it was discovered that the rate of expansion is 
actually increasing.  This can only be explained by a counteracting repulsive force that 
at the present time is stronger than gravity.  The exact nature of this force, called dark 
energy, is unknown.  
 
2. Gravity is attractive in nature while dark energy is repulsive.  At the present time, dark 
energy has a greater effect than gravity and hence the expansion of space is 
accelerating.   However, earlier in the universe, when the clusters were closer together, 
the effect of gravity was much greater than it is now.  (The force of gravity depends on 
the distance between objects.)  Dark energy is believed to have had a constant effect 
throughout the history of the universe.  About 5 billion years or so ago, the decrease in 
the effect of gravity reached a point where the effect of dark energy exceeded it. 
 
3. The main components of the universe are dark energy, dark matter, ordinary matter, 
electromagnetic radiation, neutrinos, and other types of exotic matter.  Dark energy was 
insignificant at the time of the formation of the cosmic background radiation but is 
presently the most significant contribution to the content of the universe.  Early in the 
history of the universe, dark matter was the most significant component, with the 
contributions of ordinary matter, electromagnetic radiation, and neutrinos making up 
almost all of the rest.  Since then, electromagnetic radiation and neutrinos have become 
much less significant relative to dark matter and ordinary matter, leaving only dark 
energy, dark matter, and ordinary matter with any significance at the present time.  This 
information is the result of the analysis of the WMAP data for the cosmic background 
radiation. 
 
4. The possible geometries are flat (zero curvature, Euclidean geometry), positive 
curvature, and negative curvature.  In flat space, parallel lines remain parallel; with 
positive curvature, they converge; and with negative curvature, they diverge.  In flat 
space, the angles of a triangle add to 180o; in positively curved space, they add to more 
than 180o; and in negatively curved space, they add to less than 180o.  Each geometry 
makes a different prediction regarding the expected angular size in the temperature 
fluctuations of the background radiation.  The latest WMAP data are only consistent with 
a flat geometry for the universe. 
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